





NASA TECHNICAL 

MEMORANDUM 




C-S 

I 

X 



NASA TM X-2446 








CASE FiUE 

ii copy 


* 

HEAT TRANSFER TO FOUR 
FINENESS-RATIO-1.6 HEXAGONAL PRISMS 
WITH VARIOUS CORNER RADII AT MACH 6 


by James L. Hunt 

Langley Research Center 
Hampton, Va. 23365 


1 













NATIONAL AERONAUTICS AND SPACE ADMINISTRATION • WASHINGTON, D. C. • MARCH 1972 






1. Report No. 2. Government Accession No. 

NASA TM X-2446 

3. Recipient's Catalog No. 

4. Title and Subtitle 

HEAT TRANSFER TO FOUR FINENESS-RATIO-1.6 
HEXAGONAL PRISMS WITH VARIOUS CORNER RADH 
AT MACH 6 

5. Report Date 

March 1972 

6. Performing Organization Code 

7. Author(s) 

James L. Hunt 

8. Performing Organization Report No. 

L-7934 

10. Work Unit No. 

117-07-01-05 * 

9. Performing Organization Name and Address 

NASA Langley Research Center 
Hampton, Va. 23365 

11. Contract or Grant No. 

13. Type of Report and Period Covered 

Technical Memorandum 

12. Sponsoring Agency Name and Address 

National Aeronautics and Space Administration 
Washington, D.C. 20546 



14. Sponsoring Agency Code 


15. Supplementary Notes 


16. Abstract 

An investigation was conducted in the Langley 20-inch Mach 6 tunnel to define 
the aerodynamic heat transfer to the radioisotope fuel cask (heat source) of the 
SNAP- 19/Pioneer power system. The shape of the SNAP- 19/Pioneer heat source is that 
of a hexagonal prism with flat ends; the fineness ratio, based on maximum (edge to edge) 
diameter, is 1.61. Phase-change -paint heat-transfer data and schlieren photographs were 
obtained on four possible i- scale entry configurations of the SNAP- 19/Pioneer heat 

source. Tests were conducted over a wide range of attitudes and at nominal Reynolds 
numbers of 0.33 x 10^, 0.84 x 10^, and 2.2 x 10^ based on the length of the unablated 
configuration. 


17. Key Words {Suggested by Author(s) ) 

Heat transfer 
SNAP- 19 
Hexagonal prism 
Pioneer 


18. Distribution Statement 

Unclassified 

- Unlimited 

t 

19. Security Classif. (of this report) 

20. Security Classif. (of this page) 

21. No. of Pages 

22. Price* 

Unclassified 

Unclassified 

86 

$3.00 


For sale by the National Technical Information Service, Springfield, Virginia 22151 






















HEAT TRANSFER TO FOUR FINENESS-RATIO-1.6 
HEXAGONAL PRISMS WITH VARIOUS 
CORNER RADII AT MACH 6 

By James L. Hunt 
Langley Research Center 

SUMMARY 

An investigation was conducted in the Langley 20-inch Mach 6 tunnel to define 
the aerodynamic heat transfer to the radioisotope fuel cask (heat source) of the 
SNAP- 19/Pioneer power system. The shape of the SNAP- 19/Pioneer heat source is that 
of a hexagonal prism with flat ends; the fineness ratio, based on maximum (edge to edge) 
diameter, is 1.61. Phase -change -paint heat-transfer data and schlieren photographs 
were obtained on four possible £ -scale entry configurations of the SNAP- 19/Pioneer heat 
source. Tests were conducted over a wide range of attitudes and at nominal Reynolds 
numbers of 0.33 x 10®, 0.84 x 10®, and 2.2 x 10® based on the length of the unablated 
configurations. 


INTRODUCTION 

The SNAP -19/Pioneer power system contains a radioisotope heat source. Should 
an abort occur in the mission in the second or third stages, safety considerations dictate 
that the nuclear -fuel container must be capable of surviving the reentry intact, even if 
the rest of the structure fails (refs. 1 and 2). 

Calculation of the heat load was complicated by the unusual aerodynamic shape, 
that is, a hexagonal prism with flat ends, and by the probability of rolling and tumbling 
during the reentry. Therefore, an experimental study of the heat-transfer patterns was 
conducted in the Langley 20-inch Mach 6 tunnel using the phase-change paint technique 
developed at the Langley Research Center (ref. 3). Tests were made on a scale rriodel 
of the fuel cask over a wide range of attitudes for the original sharp-edged shape and- for 
three round-edged shapes corresponding to possible ablation changes. ' 

The configuration tested, while hardly a normal aerodynamic shape, shows heat- 
transfer patterns that may be of general interest and may give some insight into the 
effects to be expected from corners and edges on more conventional shapes. 


SYMBOLS 


width of hexagonal side (fig. 4) 
specific heat 

heat-transfer coefficient (H used in computer printout of figs. 8 to 29) 

reference heat-transfer-coefficient stagnation-point value for 15.24- 

centimeter -radius sphere at test conditions (HS used in computer printout 
of figs. 8 to 29) 

thermal conductivity 

heat -penetration depth 

length of unablated model 

Prandtl number 

pressure 

free -stream Reynolds number based on length of unablated model 
distance along surface of model (fig. 4) 
grid increment (fig. 4) 

time (T used in computer printout of figs. 8 to 29) 
thermal-interference-diffusion time (eq. (3)) 
temperature 

temperature parameter (eq. (2)) 
velocity 


angle of attack 



j3 heat -transfer parameter (eq. (1)) 

e roll angle of model with respect to the axis of schlieren system (fig. 6) 

X thermal diffusivity, k m /p m c m 

1 a viscosity 

p density 

<p roll angle of model with respect to tunnel axes 

Subscripts: 
a air 

aw adiabatic wall conditions 

i initial conditions 

m model 

p constant pressure 

pc phase -change coating 

s stagnation conditions behind normal shock 

t total conditions of free stream 

w wall conditions 


TEST METHODS AND APPARATUS 
Test Technique 

Heat-transfer data were obtained by using the phase-change coating technique 
described in reference 3. This technique employs a thin surface coating of material that 
undergoes a visible phase change at a known temperature. The times required for the 
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phase change to occur at various locations on the model are determined from motion 
pictures taken at a known framing rate. The patterns so obtained represent lines of 
constant surface temperature. 


The value of the heat-transfer coefficient at a given point on these isotherms is 
obtained from the solution for a semi -infinite slab of the transient one -dimensional 
heat-conduction equation assuming a step input in the heat-transfer coefficient. The 
general form of this solution is 

h = 

/*pc 


where h is the heat -transfer coefficient, P m c m k m is the product of the thermophys- 
ical properties of the model, and tp C is the time required for a phase change to occur 
after the model is subjected to the tunnel free-stream conditions. The variable /3 
depends only on the parameter 


T = 


T - T. 
pc x i 

T - T. 
aw 1 


( 2 ) 


where Tp C is the temperature of the phase-change coating, Tj is the initial tempera- 
ture of the model, and T aw is the adiabatic -wall temperature. The functional depen- 
dence of ^ on T is given in figure 1. 

The results obtained from the semi-infinite slab assumption are a good approxima- 
tion to the solution for actual body geometry when the depth of heat penetration is small 
compared with pertinent model dimensions. A conservative approximation of the heat- 
penetration depth (eq. (9) of ref. 3) is given in the notation of the present paper by the fol- 
lowing equation: 



Since the general heat -conduction equation is linear, equation (3) can be used to estimate 
the minimum distance from a protuberance (corresponding to an abrupt change in heating 
rate or model configuration) where the semi -infinite slab assumption is still valid. 

Substitution of tp C (time required for the phase change to occur) of equation (1) 
for t d (thermal -interference -diffusion time) in equation (3) gives 
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( 4 ) 


1 = -^- 

\f (h2h 

The value of l from this equation then gives the minimum distance of approach to a 
surface discontinuity where a semi-infinite slab solution can be used as a valid approxi- 
mation of the heat conduction. Detailed discussions of the limits of the semi-infinite 
slab assumption as affected by the heat -penetration depth and model -geometry disconti- 
nuities are presented in references 3 and 4, respectively. 

Facility 

The test program was conducted in the Langley 20-inch Mach 6 tunnel. This facil- 
ity, which operates with air as the test medium, is the intermittent type and exhausts to 
the atmosphere through a diffuser augmented by an air ejector. Tests were conducted 
at nominal stagnation pressures of 0.448 x 10® N/m^, 1.206 x 10® N/m^, and 
3.21 x 10® N/m^ with corresponding nominal stagnation temperatures of 461 K, 500 K, 
and 506 K. These conditions give nominal Reynolds numbers per meter of 3.9 x 10®, 

10.1 x 10®, and 26.6 x 10®, respectively. Photographs of the tunnel test section and the 
test setup utilized are shown in figure 2. A detailed description of the tunnel is given in 
reference 5. 


Models 


The four configurations of the SNAP- 19/Pioneer heat source tested are as follows: 


Unablated configuration Model 001 

Uniformly ablated, random-tumble reentry Model 003 

End ablated, end-on spinning reentry Model 005 

Asymmetrically ablated, side -on stable reentry Model 007 


Dimensional drawings of these four £ -scale configurations are given in figure 3. 


The phase -change heat-transfer technique utilizes a grid model for the purpose of 
locating phase-change patterns. The grid model is photographed in the exact position 
occupied by the plastic model during tests in order to provide a superposable grid that is 
used to locate the phase-change patterns on the test model. Sketches of the grid models 
with designated grids used in identifying phase-change position on test models are pre- 
sented in figure 4. 


Photographs of the four SNAP- 19/Pioneer heat-source models tested (cast from 
an epoxy resin with a silica filler) and of the corresponding grid models with stings and 
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attitude adapters are shown in figure 5. The square root of the product of the thermo- 
physical properties (J of these models is essential to the heat-transfer tech- 
nique utilized. The effective value of this parameter is 1.799 x 10® W/m 2 secV2 K. 
This number was determined by making phase-change heat-transfer tests on a sphere 
cast from the same batch of material as the models and by using an analytical heat- 
transfer distribution (ref. 6) in conjunction with a solution of the transient one- 
dimensional heat-conduction equation (eq. (1)). 


Test Conditions 

The terminology used and the conditions at which the four configurations of the 
SNAP- 19/Pioneer heat source were tested are as follows: 


Terminology 
Angle of attack 


_ r o° 

a (.90° 


for end -on 
for side -on 


Roll angle, 4> = f °° for ed S e leadin S 
V.30° for flat leading 


Test format 


Model 001 
(unablated) 

Model 003 
(uniformly ablated) 

Model 005 
(end ablated) 

Model 007 

(asymmetrically ablated) 

a, 

deg 

0=0° 

0 = 15° 

0 = 30° 

a, 

deg 

0=0° 

0= 15° 

0= 30° 

a = 0° 

a, 

deg 

0=0° 

0= 15° 

0= 30° 

0 



X 

0 



X 


0 




25 




25 



X 


25 




50 

X 


® 

50 

X 


® 


50 




70 




70 



® 


70 



X 

90 

X 


X 

90 

X 

X 

X 


90 



X 


Heat-transfer tests were conducted on each model at a nominal Reynolds number per 
meter of 10.1 x 10° for the attitudes designated by the x's in the test format above. 
Additional tests were also conducted at Reynolds numbers per meter of 3.9 x 10® and 
26.6 x 10® for the circled conditions. These Reynolds numbers based on length L 
of the unablated model (model 001) are 0.325 x 10®, 0.839 x 10®, and 2.19 X 10®. ’ 
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RESULTS 


Schlieren Photographs 

Schlieren photographs for the four configurations at each test attitude are given in 
figure 6. The attitude of the model with respect to the tunnel stream is designated in 
each picture by a and 0 as defined previously. The roll angle of the model with 
respect to the schlieren system is denoted by e (definable from the sequences in fig. 6). 
Two sets of schlieren pictures are presented for each model. The first set, taken with 
Polaroid and denoted as such, were nearly all made during the phase-change heat-transfer 
tests. The second set were taken on 75-mm film during tests conducted for schlieren 
pictures only. 


Heat Transfer 

Samples of phase-change patterns on each of the configurations at various attitudes 
are presented in figure 7. These are photographs taken by the time-study camera during 
the test. The light areas are the unmelted coating and the dark areas are the higher- 
heating-rate areas in which the phase change has already occurred. The line separating 
these areas is a line of known temperature, and each successive pattern represents a 
certain constant heat -transfer coefficient provided the adiabatic wall temperature is con- 
stant along a given line. Note the phase-change patterns generated by the vorticities 
downstream of the windward-leading-edge corners on the unablated configuration 
(model 001) at or= 50°, 0=0° and a= 50°, 0 = 30° (figs. 7(a) and 7(b), respectively). 

The results of the phase -change heat-transfer tests on the four SNAP- 19 configura- 
tions are presented in figures 8 to 29 in terms of nominal heat -transfer -coefficient con- 
tours on the models for the test conditions and in the order given in the test format. In 
these figures, the isotherms (obtained from photographic recordings of phase -change 
patterns) are superimposed on the camera view of the corresponding grid model. The 
grid lines can be identified by referring to figure 4. In order to obtain a complete picture 
of the heat-transfer distribution over the windward surfaces, two views of the models, as 
seen from the side and top mounted cameras, are given at each test condition. The two 
cameras were not synchronized, so the contours shown in one view are not necessarily 
the same as the contours shown in the other. 

The values of heat -transfer coefficients given in these figures (figs. 8 to 29) are 
called nominal values (h nom ) because they were obtained (in every case) by assuming 
that T aw equals the free-stream total temperature T^. Since T aw is in general not 
equal to T t and varies along the isotherms, these nominal values should be corrected 
before use. A more nearly correct value of the heat -transfer coefficient can be obtained 
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as follows: First, compute a new value of T using the values for Tp C , Tj, and T t 

in the legend of figures 8 to 29 and the value of T aw /Tt in figure 30 which corresponds 
to the attitude and/or side of the model on which the nominal contours being corrected 
appear. The ratios T aw ^T^ of figure 30 were calculated by expanding isentropically 
from the total pressure behind a normal shock to a local Newtonian pressure with a 
laminar recovery factor of 0.833 (square root of Prandtl number at a wall temperature 
of 353 K). With the computed value of T, select the corresponding corrected value of /3 
(^corr) * rom fig 111 * 6 1* The correction factor for each set of isotherms for a given side 
is then /3 //3. The correct value of heat -transfer coefficient is 


u u. 

n corr “ n nom 


In each of the figures of this sequence (figs. 8 to 29), the contours are numbered in 
order of decreasing nominal heat-transfer coefficient. The contour numbers are listed 
in each figure with the corresponding times (T,SEC) at which the contours occurred rela- 
tive to model injection, with the corresponding nominal heat -transfer coefficient 
(H,BTU/FT.SQ-SEC-DEG-R; to convert to W/m2-K, multiply by 2.0428 x 10 4 ) calculated 
for each isotherm in the manner previously described, and with the corresponding non- 
dimensional nominal heat-transfer-coefficient ratio (H/HS). The heat-transfer coeffi- 
cient h s is the theoretical value for the stagnation point of a 15.24-centimeter-radius 
sphere at the same test conditions as the model. The coefficient h s was calculated 
from the following expression (ref. 7): 


‘s = 0.768(CpJ a (Npr) -0 '® (p w M w ) 0 ' 1 


where the velocity gradient du/ds was taken from Newtonian theory. 

The semi -infinite slab assumption used to obtain the heat -transfer coefficient from 
the phase-change isotherm is violated in the vicinity of the prism corners. The minimum 
distance of approach to these corners ( l ) where the semi-infinite slab assumption is still 
valid is given by equation (4). The distance 1 / b is plotted in figure 31 as a function 
of h/h s for the various test conditions and phase-change temperatures encountered in 
this investigation. How accurate the semi -infinite slab assumption is inside the minimum 
distance of approach is not known. However, the coefficients which lie inside the minimum 
distance of approach to a corner may be used as conservative estimates, since any viola- 
tion of the semi-infinite slab assumption will give a higher calculated heat -transfer coef- 
ficient than does actually occur. 
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The nominal heat -transfer contours suggest that transition may have occurred on 
both the unablated model 001 (fig. 13) and the uniformly ablated model 003 (fig. 22) for 
a= 50°, (j> = 30°, and at a Reynolds number per meter of 26.5 x 10® ^ = 2.2 X 106). 

This regime is one in which transition is expected on swept cylinders (ref. 8). Of equal 
interest are the vorticity patterns produced by the sharp corners on the unablated 
model 001 at a= 50° (figs. 9, 11, 12, and 13) and the three-dimensional end effects at 
a= 70° and <p = 30° on the uniformly ablated model 003 (figs. 23 and 24) and the 
asymmetrically ablated model 007 (fig. 28). 

CONCLUDING REMARKS 

An increase in heating occurred in the path of vorticity patterns produced by the 
windward corners on the unablated configuration at an angle of attack of 50°. 

Three-dimensional trailing -end effects were prominent at an angle of attack of 70° 
and an angle of roll of 30° on the uniformly ablated and the asymmetrically ablated 
configurations. 

The nominal heat-transfer contours suggest that transition may have occurred on 
both the unablated and uniformly ablated SNAP- 19/Pioneer heat-source configuration for 
an angle of attack of 50° and an angle of roll of 30° at a Reynolds number per meter 
of 26.5 x 10 6 jR w l = 2.19 x 10 6 ). 

Langley Research Center, 

National Aeronautics and Space Administration, 

Hampton, Va., January 3, 1972. 
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(a) Top and side mounted cameras. 

Figure 2.- Test setup in Langley 20-inch Mach 6 tunnel. 
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(b) Camera for recording phase-change patterns and television camera for 
monitoring tests mounted on top of test section. 
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Figure 2.- Concluded. 
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Continued. 
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Figure 4.- Concluded. 
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Figure 5.- Photographs of scale SNAP- 19 models. 
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(b) Attachment positions of attitude adapters for 0° and 30° roll. 

Figure 5.- Continued. 



(c) Unablated model and grid (model 001). 
Figure 5.- Continued. 



L-70-4653 

Uniformly ablated, random-tumble reentry model and grid (model 003) 

Figure 5.- Continued. 
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L-70-4655 

(e) End ablated, end-on spinning reentry model and grid (model 005). 

Figure 5.- Continued. 



L-70-4652 

Asymmetrically ablated, side-on stable reentry model and grid (model 007). 

Figure 5.- Concluded. 
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(a) Model 001 taken with Polaroid film. 

Figure 6.- Schlieren photographs of i-scale SNAP- 19/Pioneer fuel-cask models at Mach 6 
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(b) Model 001 taken with 75-mm film. 
Figure 6.- Continued. 




:en with Polaroid film. 




a m 90° 

<P m 15° 
e - 90° 


a » 50° 
<fr « 30 ° 

e . o° 



a > 90° 
<)> . 30° 

e m o° 


a > 900 
4> - 30° 
E - 90° 


L -72 -104 


32 


(d) Model 003 taken with 7 5 -mm film. 
Figure 6 .- Continued. 
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(e) Model 005 taken with Polaroid film. 
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(f) Model 005 taken with 75 -mm film. 
Figure 6.- Continued. 
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(f) Model 007; a= 70°; <t> = 30°; L = 0.84 x 10 6 . 
Figure 7.- Concluded. 
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(a) Side camera view. 

Figure 8.- Nominal heat -transfer -coefficient contours on model 001 for 
a=0° and L = 0.83 x 10®. T pc = 353 K; = 305 K; T t = 520 K; 
£ = 0.238; P t = 1.27 X 10 6 N/m 2 . 
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CONTOUR 
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l 
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2 
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3 

3.50 
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4 
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5 

6. CO 

6 . 55648E-03 

1.14793E+GC 

6 

10.00 

6.62782E— 03 

6.09183E-C1 

7 

25. OC 

4 . 19 1 80E-C3 
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(b) Top camera view. 


Figure 8.- Concluded. 
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(a) Side camera view. 

Figure 9.- Nominal heat-transfer -coefficient contours on model 001 for 
a =50°, <p=0°, and = 0.82 x 10 6 . T pc = 353 K; Tj = 304 K; 

T t = 510 K; 0 = 0.260; P t = 1.22 x 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 9.- Concluded. 
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(a) Side camera view. 


Figure 10.- Nominal heat -transfer-coefficient contours on model 001 
for a = 90°, 0 = 0°, and L = 0.84 x 10 6 . T pc = 353 K; 

T a = 304 K; T t = 517 K; = 0.258; P t = 1.27 x 10 6 N/nA 
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(b) Top camera view. 
Figure 10.- Concluded. 



CONTOUR 

T» SEC 

H, 8T(J/FT .SC-SEC-CEG-R 

H/HS 

i 

.50 

1.29186E-02 

2.90C98E+00 

2 

1.10 

8.709 7AE-03 

1 .S558AE+CC 

3 

1.60 

7.221 7AE-03 

1 .62 17QE+C0 

4 

2.50 

5.77739E-03 

1.25736E+CC 

5 

3,20 

5.1065AE-03 

1.1A671E+CC 

6 

3.50 

A . 882 78E-03 

1.CS6A7E+0C 

7 

7.50 

3.33558E-03 

7 • A9C30E-C 1 

8 

10.00 

2 . 88869E-03 

6 .48679E-C 1 

9 

15.00 

2.35861E-03 

5.25f AAE-C1 


(a) Side camera view. 

Figure 11.- Nominal heat-transfer-coefficient contours on model 001 for 
a= 50°, cf> = 30°, and R M L = 0.35 x 10 6 . T pc = 325 K; Tj = 307 K; 

T t = 478 K; yS = 0.104; P t = 0.47 x 10 6 N/m2. 
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(b) Top camera view. 
Figure 11.- Concluded. 
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(a) Side camera view. 

Figure 12.- Nominal heat-transfer-coefficient contours on model 001 for 
a = 50°, cp = 30°, and L = 0.83 x 10 6 . T pc = 353 K; = 306 K; 
T t = 506 K; 0 = 0.256; P t ’= 1.22 x 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 12.- Concluded. 


H, BTU/FT. SQ-SEC-CEG-R H/HS 

2.251 50E-02 3.C8976E+C0 

1.592C5E-02 2.18479E+C0 

1.12575E-02 1 .54466E+C0 

5 . 19 1 73E-03 1.26 139E+CC 

7.S6027E-03 1.C924CE+CC 

7.3C484E-03 1.0C245E+0C 

7 .01543E-03 5.62735E-C1 

6.78854E-03 S.31599E-C1 

5 . 813 36E-03 7.97773E-01 


50 



3 

4 

5 

6 

7 

8 


2.5c 
5.CC 
, 6 *50 
10.00 
,^.5 C 
* 7.50 
20.00 


3.5ii,7r 02 


|*f/ c «8f 

} m }* C3 *£* 

/ 'fpCCE* 

I * 1 '?659e*/ 

'•“-‘-’MtV 


fe > Side camera ’' 383 

*r 0 ,^^^ eran «- 

00 > 0 « 3 nO er ~ c oeffi cfAn , 

Ti “ 3 «K: T R ^-‘2l8xio°e tOU T rS 


fi* 


0 . 633 ; 


: 3 ‘ 20 X 1q6 


-*J ^ VJ* ^ H* 



CONTOUR T » SEC Ht 8TU/FT i SO-SEC-CEG-R H/HS 


.50 

7.87624E-02 

6 .665006*00 

1.50 

A. 547356-02 

2.848C4E+C0 

3.5C 

2.976946-02 

2.51913E+CC 

8.00 

1 • 969 C6E-02 

1.66625E+C0 

1C. CO 

1.761186-02 

1.49C346+C0 

12.50 

1.575256-02 

1 .333006+00 

17.50 

1.331336-02 

1.12659E+00 


(b) Top camera view. 
Figure 13.- Concluded. 
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(a) Side camera view. 

Figure 14.- Nominal heat -transfer -coefficient contours on model 001 
for Oi = 90°, (p ~ 30°, and R M = 0.82 x 10®. Tp C = 367 K; 

Tj = 304 K; T t = 511 K; 0 = 0.354; P t = 1.22 X 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 14.- Concluded. 
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(a) Side camera view. 

Figure 15.- Nominal heat -transfer-coefficient contours on model 003 for 
a = 0° and R M L = 0.86 X 10 6 . T pc = 353 K; T i = 304 K; T t = 500 K; 

0 = 0.286; P t = 1.24 X 10 6 N/ m 2. 
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(b) Top camera view. 


Figure 15.- Concluded. 
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(a) Side camera view. 

Figure 16.- Nominal heat -transfer -coefficient contours on model 003 for 
a = 50°, </> = 0°, and R M L = 0.82 x 10 6 . T pc = 353 K; = 303 K; 

T t = 508 K; j3 = 0.266; P t = 1.22 x 10 6 N/m 2 . 
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(b) Top camera view. 



Figure 16.- Concluded. 
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(a) Side camera view. 

Figure 17.- Nominal heat-transfer-coefficient contours on model 003 for 
<x= 90°, <p = 0°, and L = 0.87 X 10 6 . T pc = 353 K; T i = 302 K; 

T t = 506 K; p = 0.276; P t = 1.27 x 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 17.- Concluded. 
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(a) Side camera view. 


Figure 18.- Nominal heat -transfer -coefficient contours on model 003 for 

a- 90°, <p-. 

= 15°, and 

r °o,L = 0,85 x 1()6 ' T pc 

= 353 K; = 305 K; 

T t = 508 K; 

0 = 0.254 

; P t = 1.26 x 10 6 N/m 2 . 
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(b) Top camera view. 

Figure 18.- Concluded. 
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(a) Side camera view. 


Figure 19.- Nominal heat -transfer -coefficient contours on model 003 for 
a =25°, <p = 30°, and R^ L = 0.85 X 10 6 . T pc = 353 K; Tj = 304 K; 

T t = 508 K; j3 = 0.272; P t = 1.25 X 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 19.- Concluded. 
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(a) Side camera view. 


Figure 20.- Nominal heat -transfer -coefficient contours on model 003 for 
a - 50°, 0=30°, L = 0.39 x 10 6 . T pc = 325 K; = 304 K; 

T t = 455 K; 0 = 0.149; P t = 0.48 X 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 20.- Concluded. 
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(a) Side camera view. 

Figure 21.- Nominal heat-transfer-coefficient contours on model 003 for 
a = 50°, <p = 30°, and R M L = 0.87 x 10 6 . T pc = 339 K; = 306 K; 

T t = 502 K; /3 = 0.187; P t = 1.27 x 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 21.- Concluded. 
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(a) Side camera view. 


igure 22.- Nominal heat-transfer-coefficient contours on model 003 for 
° ’ ^" 3 °’ and R oo, L = 2 - 20 * lo6 - T pc = 380 K; Tj = 300 K; 
T t = 503 K; 0 = 0.526; P t = 3.20 x 10 6 N/m 2 . 
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(b) Top camera view. 


Figure 22.- Concluded 
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(a) Side camera view. 

Figure 23.- Nominal heat -transfer -coefficient contours on model 003 for 
a = 70°, <p = 30°, and R L = 0.34 x 106. T pc = 325 K; T i = 306 K; 

T t = 475 K; ^ = 0.106; P t = 0.45 x 10 6 N/m 2 . 




72 



CONTOUR 

T » SEC 

H,8TU/FT.S0-SEC*0EG-R: 

H/HS 

1 

.50 

3.30851E-02 

4.52275E+CC 

2 

1.00 

2 . 33947E-02 

3 • 198C7E+00 

3 

2. GO 

1 .654 25E-02 

2.26 138E+CC 

4 

3.00 

1.35069E-02 

1.84641E+C0 

5 

3.7C 

1.21623E-02 

1.66260E+00 

6 

4. 00 

1 . 16973E-02 

1 .5S5C4E + C0 

7 

4.30 

1.128 19E-02 

1 .54225E+C0 

8 

5.00 

1.04624E-02 

1.43C22E+C0 

9 

10.00 

7 . 39804E-03 

1.01 132E+00 

10 

17.50 

5 . 592 39E-03 

7.64465E-C1 

11 

22.50 

4.932C3E-03 

6.74213E-C1 

12 

3C.00 

4 . 27 1 26E-0 3 

5.83865E-CI 


(a) Side camera view. 

Figure 24.- Nominal heat -transfer-coefficient contours on model 003 for 
a =70°, cp= 30°, and L = 0.826 X 10 6 . T pc = 353 K; = 303 K; 

T t = 510 K; i3= 0.266; P t = 1.23 x 10 6 N/m 2 . 
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(b) Top camera view. 


Figure 24.- Concluded. 
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(a) Side camera view. 

Figure 25.- Nominal heat -transfer-coefficient contours on model 003 for 
a = 70°, (p = 30°, and R M L = 2.20 x 10 6 . T pc = 395 K; = 305 K; 

T t = 506 K; /3 = 0.629; P t = 3.21 X 10 6 N/m 2 . 
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(a) Side camera view. 

Figure 26.- Nominal heat-transfer-coefficient contours on model 003 for 
a= 90°, (p = 30°, and R*, L = 0.82 x 10 6 . T pc = 353 K; = 301 K; 

T t = 517 K; 0 = 0.266; P t = 1.25 X 10 6 N/m 2 . 
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(b) Top camera view. 
Figure 26.- Concluded. 
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(b) Top camera view. 
Figure 27.- Concluded. 
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(a) Side camera view. 

Figure 28.- Nominal heat -transfer-coefficient contours on model 007 for 
a - 70°, cp = 30°, and R M L = 0.84 x 10 6 . T pc = 366 K; Tj = 305 K; 

T t = 501 K; 0 = 0.375; P t = 1.22 x 10 6 N/m 2 . 
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(a) Side camera view. 


Figure 29.- Nominal heat-transfer -coefficient contours on model 007 for 
a = 90°, 0 = 30°, and L = 0.84 x 10 6 . = 366 K; T* = 305 K; 

T t = 514 K; j3 = 0.347; P t = 1.27 x 10 6 N/m2. 
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(b) Top camera view. 
Figure 29.- Concluded. 
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